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METHOD OF ESTIMATING THE MIXDEJM SIZE OF A TAIL OR WIIG-TII? 

PARACHUTE FOR JMFBGENCY SPIN RECOPERY OF Am AIREUQIX 

By Frank S W v e s t u t o ,  Jr 

This  paper  presents a method f o r  estimating the size  of a tail o r  
wing-tip  xarachute  required f o r  satisfactory emergency recovery of airplanes 
during spin demonstrations. The method was developed  from  an analysis of 
the   resul ts  of hvest igat ions conducted in t h e  Langley 20-foot  free-spinning 
tunnel w i t h  dynamically scaled models of 23 airplanes. A canparison of 
the  parachute  sizes  calculated by t h i s  method with the Sizes  determined 
experimentally  Fndicated fairly satisfactory agreement. A method is also 
Included which will enable the approximate  estimation of the magnitude of 
the shock load  associated w i t h  the  rapid opening of the parachute. 

The spin-recovery  parachute is a temporary emergency device normally 
used on airplanes durFng full-scale sp in  demonatrations in order t o  termi- 
nate  uncontrollable  spins. Gnerally, the spin-recoverg-p~achute s f z e  is 
determined fram 89 Investigation with a scaled model of the  airplane In 
the Langley 20-foot free-sphning  tunnel  such as reported in reference 1. 
The purpose of this paper is t o  present a method of estimating fram design 
data the m i n i n u n  s i ze  of a flat-type t a i l  or wing-tip  spin-recovery 
parachute  necessary f o r  recovery fzwn a spin. Wing-tip parachutes  attached 
only to  the outboard w b g  are  considered in this paper  basmuch as refer- 
ence 1 inaicates that wing-tip  parachutes so located  are  effective f o r  s p h  
recovery. The method is based upon a study of the resu l t s  of free-spinning 
t e s t s  of 23 scaled models of a i rplanes  for  which recoveries were attellrpted 
by parachute  action alone fram the normal-ccmtrol configuration f o r  
s p ~ ~ n g  (ailerone neutral, elevator up, and  rudder w i t h  the spin) 

The quant i t ies   defhing ' the  a t t i tude and rotat ion of an airplane i n  
a spin a r e  shown in the sketch of figure 1. 

b w;Fns *pan, feet 
S wFng .area,  square  feet 

F effective -ping area, square feet   (see f ig .  2) 
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momant arm of damping area F, feet (see fig. 2) 

tail-damping  ratio (see fig. 2) 

gross weight of airplane,  pounds 

mean aerodynamic  chord,  feet 

ratib. of distance of center af gravity rearward 
of  leading edge o$ mean aerodynamic  chord  to 
mean aerodynamic  chord 

moments of inertia  about X-, Y-, and %body m e a ,  
respectively,.  slug-feet2 . -  

inertia  yawing-moment  parameter 

. 

inertia  pitching-mment pwameter 

full-scale  rate  of  descent  of  airplane,  feet  per. second 

r e m l t a n t  velocity  at  parachute,  feet  per  second 
(asmmed equal  to  resulkiit-velocity  at  towline 
attachment  point 1 

component  of  resultant  velocity  at  tail  parachute 
parallel  to Y-bo* axiB,  feet per second. 

component  of  resultant  velocity  at  wing-tip  parachute 
para l l e l  t o  X4ody uie, feet  per secmd 

tLir density, dugs per cubic foot .. ~ 

angle between  thrust line. and v e r t i c a L  [approximately 
equal  to  absolute value of %le of  attack  at plane 
of symmetry), degrees 

angle of wing inclinaticm belov the horizontal, degree.8 -- . -  - 
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a angle between  flight  path and vertical  axis, degrees 

B 

D 

GD 

LY 

6, 

'e 

'a 

approximate angle of sideslip at center of gravity; 
equals - a (sideslip  polsitive and i n w a r d  for a 
right  spfn  when  inner  wing  is down by an amount 
greater than the  helix  angle) 

angu3.w rotation  about  vertical axis, radians 

minimum  laid-out-flat  parachute  diameter,  feet 

surface  area of parachute, square feet ($) 
drag of parachute, pounds 

yawing  moment of parachute  about normal body  axis, 
. "" foot-pounds 

yawing-ment  coefficient  developed by 

parachute (*) 
pv 

drag coefficient of complete  airplane - (s".) 
distance along the X 4 0 d . y  axis  between  the  attachment 

point of the  tail-parachute  towline  and the center 
of  gravity  of  airplane,  feet 

distance  along  the Y 4 o Q  axis between  the  attachment 
point of the  w%-tipparachute  towline and the 
plane of symmetry,  feet  to for models 
in this  paper ) 

2 

rudder deflection, degrees 

elevator  deflection, degrees 

deflection of each  aileron,  degrees 
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Subscripts: 

T 

W 

t a i l  parachute 

wing-tip parachute 

Experimental. D a t a  

The experimental h t a  used In  the analysis have been obtained from 
the resu l t s  of tests of free-spinning  alrplane modela i n  the 
Langley 20-foot  free-8pinning  tunnel,  the  design and operation of which 
is similas t o  that of the Langley l>foot  free-apfnning t.mnel described 
in  reference 2. Figure 1 is a &etch of a model (or  airplane) in a spin 
and showe the  quantitiee that are meaeured in  the free-mlnning-tunneI 
t e s t e   t o  determine  the  attitude  (angles a and $) and m t i o n  
(velocity V and rotation n) of the model in a spin. Dy-n&unically ecaled 
modela of full-scale  airplanes were made t o  recover from spins by the uee 
of model parachute8  atlached either t o  the outer wing t i p  of the mod91 
(fig.  3 )  or t o  the t a i l  (fig, 4). For the models considered  herein,  the 
towline,point of attachmsnt f o r  the t a i l  parachute wae located near t h s  
rudder h iwe  l ine   (or  hinge line extended for partial-length rudders) 
midway between the horizontal t a i l  and bottom of fuselage. Three-view -" 

drawings aud plots  of the turns for recovery  with  different d i m t e r  
parachutes for each of the 23 mdele considered in.the  preeent  investi- 
gation are  presented in - f  igure 5. Table I c ~ t a i n 8  pertinent ma88 and 
dimenaimal  data and table II contaim  eteady-epin data for these models. 
A photograph of 8 typical  flatrtype+mdel  pcachute ueed in the inveetf- 
gation ie presented i n  figure 6 together  with a sketch of the  parachute 
canopy when spread  out on a f la t  surface, The ahroud lines for these 
parachutes were made 1.35 times the  diameter of the  parachute. It had 
previouely been found in  t l m e l  tests (reference 3)  that with ehroud ' 

l ines  greater than 1.25 t i m e B  the  diameter of the parachute  the drag 
coefflcient varied only .sl ightly wi th  change in  ehroud l ine-length.  More._ 
deta i l s  concerning  flat-type  parachutes are given i n  reference 1. 

-. 

r 

- 

- 

" 

" 

The drag coefficisnte .of.some of the  parachutes  used for  the spin- 
recovery t e s t s  were determined by f ree  drop tests of these @del para- 
chute6 in  the tunnel. R'or.the remainder of - the  parachutee  the drag 
COeffiCieIltE were  aesumed t o  be 0.70 whlch is an average  parachute drag 
coefficient  determined from model teste  reported in reference 1 and from 
the resu l t s  of unpublished tes t s .  

. -  
" 

I 

Analyei 8 

Criterion?- The .wachuta.which  giyee .a .2-turarabzovery by para- 
chute  action alone from the  noml-control  configuration for spinning or  ._ 

L 
" 

. " "  
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a 2r-turn recovery from the so-called  "criterion  spin" i s  normally 1 

5 

c considered to   be  the m i n i m i z e  parachute. For the   cr i ter ion  spin 
(reference 4) the  controls  are s3t as follows:  rudder fu l l  with  the 
spin,  elevator two-thirds of ful1-p deflection, and the ailerons deflected 
one-third  of full deflection in  the  direction  (with.or  against  the spin) 
conducive t o  slower recoveries. In choosing the  experimentally  determined 
parachute  diameters  that were applied in the present  analysis, however, 
the  parachute d i amte r  which  gave approximately a 1--turn 1 recovery  instea3 
of. a 2- or &-turn recovery as suggested by the  cr i ter ion stated previ- 
ously was used ina-ch as f o r  some models t h e   m i n i m  parachute  diameter 

2 
4 

fo r  a 2-turn or  -t?m recovery  (criterion  spin) as determined from t e s t e  
was c r i t i c a l  because of the  rapid  increase of turns for recovery  with 
parachute diameter as the diameters  approached  and became slightly  emaller 
than t h i B  minirmmt-size parachute. 

It ahould be  pointed  out that the method . t o  be  pressnted has been 
developsd  primarily f o r  recoveries by parachute  action  alone  with  the 
controls of the airplane  in   the normal or "criterion"  setting. Generally, ' 

however, during  full-scale  spins,  the  pilot will attempt  recovery by 
control movem6nt and will use the  parachute only i f  the  spin is not 
terminated by mnipulation of the  controls. In this case it is  l ike ly  
that, i f  the   p i lo t  needs t o  use the  parachute,  the  controls of the 
airplane w i l l  not be in the normal o r  cri terion  posit ion.  The parachute 
diameter  estimated fYom the method presented  herein, however, w i l l  s t i l l  
be satisfactory provided the  ailerons are approximately neutral  and the  
elevator up. It is possible  to  attempt  to  recover from the spin by 
reversal  of rudder and elevator and unintentionally  put  the  airplane  into 
a spin  with  the  elevators do= and with possibly a with or  against   the 
spin  sett ing of the ailwoqs. In th is   cam,  it is recommended that the 
p i l o t  mov6 the  controls of the airplane  to  the position normal f o r  
spinning  before-  attempting  recovery by parachute  action  inamch as 
experience and t h e  resul te  of unpublished t e s t s  indicate   that   the  method 
may underestimate  the  size  parachute  required for  recovery from such- 
control  configurations. 

Aasmptions.- In order t o  simplify the  analysis so that a pract ical  
estimation  could  be  evolved,  the following aisumptions were made: 

(a) After the  parachute was f u l l y  bloomed, it was asslunsd that the 
parachute  and  towline remained fixed with  respect  to  the  airplane  with 
the  towline  alined w i t h  the   re la t ive wind at the  point of a t tachmnt   to  
the  airplane and that t h e  parachute drag force  acted along the  towline. 

(b) The mgnitude of the drag force  generated by the fully blocmsd 
parachute  could  be  determined by considering  the  resultant  velocity a t  
t h e  point of attachment of the towline instead of a t  the  parachute.  This, 
i n  effect ,  a 8 1 3 ~ s  a negligible  effect  of towline  length on parachute 
action in proawing  recoveries. Ths experimental data of reference 1 
par t i a l ly   ve r i f i e s   t h i s  assqt ion in t ha t   i t - i nd ica t e s   t ha t   fo r  t a i l .  
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perachutes for towline  lengths  greater  than XI feet  and less than 50 feet - 
approximately  the range of  towline  lengths  for  the  models  analyzed  herein - . 
the  effect  of  the  towline  length on turns f o r  recovery  is  negligible. . For 
parachutes  attached  to  the  outer wing tip  the  results  of  reference 1 
indicate no appreciable  effect  of  towline  length on parachute  effectivenees. 
For both  tail and win@;-tip  parachutes,  however,  extremely  short  towlines 
may came the  parachute  to  be in . h e  flow w a k e  f r om the tail  or w i n g  
surface  and  promote  improper  opening of the  parachute. 

Development of Equations 

The effectiveriese of a tail or wing-tip  spin-recovery  parachute  in 
promoting  recoveries *om spins  by  parachute  action  alone is probalfly 
caused  to a large  extent by the yawing  moment  acting qainst the  epin 
generated  by  the  fully  opened  parachute  (reference 1). T h i s  importance 
of yawing  moment in stopping  the  airplane  spin  has  been  realized from 
past  investigations on spinning  airplanes  (references 5 and 6 )  in  which 
it  has  been  pointed  out  that  upsetting  yawing+uoment  equilibrium  would 
ultimately  reeult  in a recovery from the  epin,  whereas  di~lturbances  in 
the  rolling-  and  pitching-mamant  equilibrium  would be compensated  for 
by changes in sideslip and rate-@ rotation.  Hence,  it  was felt that, 
if for any airplane  the  value  of the  yawing mommt necessary  for a satie- 
factory  recovery  could be determined,  then  it  would be possible  to 
estimate  the minimum size of the tail or wing-tip  parachute  required  for 
eatisfactory  recovery. This yaw3ng  moment  needed  for  recovery  can  be 
calculated  by  determining  the drag force f o r  the  parachute  giving  the 
eatisfactory nunber of turms for  recovery and also the  effective  yawing- 
moment arm af this drag force  about t h e  Zaody =is of t h e  airplane. On 
this  basis,  calculations  were  prepared  to determine the value of t h e  anti- 
spin  yawing  moment  actually  developed by the  minimut+aize  spin-recovery 
pazachuta  for  each  of 23 models  teeted fn the Lengley 20-foot free- 
spinning tunnel by cons$dering  the  relative poeitim of  the fu l l y  bloomed 
parachute  and  airplane  and the steady4pinning  motion of the  model  prior 
to  the  blooming  of  the  parachutes. This value of t h e  yawing  moment  of 
the  parachute  calculated  for  each  airplane and denoted  nandimensionally 
by (k)p was determined by the following  equations  which m e  developed 
in the appendix. 

Tail  parachute 

. 
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Outer  wing-tip  parachute 

In fomnulas (1) and (2) the 
parachute  for  each model . .. (&)T 

of free-epinning  tests  presented 

minimm-diameter  tail and wing-tip 
and (b), were  obtained from the  results 

n 

in figure 5. The  quantities 

P R j V 2  
J and were  calculated  for  each  model  as  accurately 

v2 
as poseible  using  free-spinning  test  data (a, #, V, and a )  obtained 
from observations  and f i h  rec  rds of each  test. It should be- pointed 

PR)T 8 (VR),2 out  that  the  quantities  and 

. . -  

v2 v-2 
are  each  sufficiently 

close to  unity  that  the  subetitution  of hits for  these  quantities in 
equations (1) and (2) will  not  appreciably  alter  the  values  of (h) 

P 
calculated f rom these  equations. The value  of  the drag coefficient, as 
mentioned-previously, was determined from tests  of  the  model  parachute or 
a value was assumed  based on the  results  of  previous  investigations 
(reference 3 ) .  The values of Zt, ZY, S, and b were  obtained f rom 
design  data for the models. The values  of (h) calculated from 
equations (1) and (2) together  with  the  values os ( d,)T, (do)w, 

and ( z)w used to determine (Cn), are  presented in table II for each 

m3el considered  herein. The quantities 

cated  previously  can  be  closely  approxfmated by unity  and  therefore  have 
not  been  presented in table 11. 

els 
(VR) T2 (‘R) w2 

v2 8 2  
and as  indi- 

An examination  of  equations (1) and (2) shows  that, if (k)p, 
@)T, and can be detemined for  any airplane  together  with an 

esti&tion of (%), the drag coefficient of the  parachute,  it  is  then 
possible to calculate (d,)T or ( the  miniaxbdiameter  tail or 
wing-tip  spin-recovery  parachute. 

A study of the  spin  results and dimensional  characteristics  of  the 
models  presented  herein  indicated  that  the  value of (Cn)p  determined 
from  equations (1) and (2) depended  mainly  upon  the  value of the 
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tail-damping  ratio TDR of  the.@el. (See f ig .  7.1 The  magnitude of the 
quantity TDR is an approximation  of the effectiveness  of t h e  airplane 
to damp  its  rotation Fn a spin, the  fuselage axe& under the horizontal 
tail  being  considered  the  "effective  damping area." This  factor is 
discussed in reference 4 and t h e  method af calculating  its  value is 
sham in  figure 2. Valnes of (k), approaching 0.05 as  the  value  of 
TDR becomes small m e  not ~~~sasonable when. it Te realized  that  the 
parachute  is  acting  against  the.cambined pr-pin yawing power of the 
wing  and of the  rudder s e t  with  the s p i ~  of the airplane. For large 
values  of TDR, however,  the  value of (k), required is relatively 
less since t he  parachute  is  now  effectively  assisted  by  the damping 
moment  of  the TDR m e a  in producing  recoveries.  The  scatter  of  test 
points in  figure 7 has been  associated  with a number of  causes.  First, 
the  test  data were incompleta and it  was  not  always  possible  to  choose 

2- 

reliably a pazachute  diameter  whlch  gave a 1hxn-n recovery - the  recovery 
criterion usedto choose t h e  parachute  diasleters  for t h e  determination  of 
(h)p. For model 15, for example, the  tail-parachute diameter which,gavs 
a &-turn recovery  waB used in estimating (C,) becauee data were not 

2 

2 P 
available  for.recov'eries  near 1- turns.  Another  possible  cause f o r  the 

scatter of points on figure 7 is  that  for some airplanes  the TDR 88 
calculated may not be an accurate  indication of the  effectiveness  of 
these  airplanes in damping  the  rotation in spins. 

1 
2 

For the estimation of t he  factors f<)T and tt); an average  was 
taken  of the accurately  determined  values of each of these  factore f o r  
the 19 conventional  airplanes  listed in table T I  and 10 additional models 
not  listed in t h i s  pape , -om this average, for use in equaticma (1) 

and (2) we may set @jT = 0.22 and &)w = 0.80. A study of the spin 

CharaCt9ristiC8 of a lm e nMer  of models  indicated  that  these  "averaged" 
values  of  and &k a r e  just a8 accurate &8 values  that may be 

calculated from empirical  formulae  developed fromrough relationships 
between  the  spin  characteristics  and mass and  diIIlenBional  CharaCteriStiCs 
of an airplane. 

Conventional  Airplane 

A comparison aP ths minimum-diameter  tail and wing-tip  parachutes . . 
a8 determined from the free-spinning-model  tests ar.d those  calculated by 

.. 
I 

. .. 

C 
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solving  equstions 

values  of (k)p 

(1) and (2) for (do)T and ( b)w and  using  the 

f'romSigure 5 and  letting @ = 0.22 and 

presented in figures 8(a) and 8(b). In general, tha 
T 

correlations  between  the  experimental  and  calculated minimm+aize 
diameters  are  reaeonably  satisfactory. It therefore  appears  that  in 
using  the  experimental  parachute  diameter  a6 a basis  the  method  of 
estimating  spin-recovery  parachute  dSamsters  presented  herein is acc7srate 
to Ll  foot  although in so-. case8  the  accuracy  of  the method was less. 
A n  indication of the  accuracy  of  applicability of the  method  to full- 
scale  airplanes may be obtained from table III; which  presents  for  each 
of five  conventional-type  airplanes a comparison  between  the  spin- 
recovery-parachute  diameter  that  cauesd a satisfactory  recovery f r o m  the 
ful1"scale  spin  and  the  minimum4iameter  parachute  for  the same airplane 
estimated  using  the  method  given herein. This comparison  shows a satis- 
factory  agreement  between  the  full-scale  results  and the estimations; 
particulasly, if it  is pointed  out  that  for  the  full-scale  tests the 
control  position6 were not in the normal o r  "criterion"  configurations, 
a stipulation, as mentioned  previously,  in  the  development  of  the  method. 

For this  analysis, as stated  previously,  it was assumed  that  for any 
one  airplane a specific  amount of anti-spin  yawing mment is  raquired  for 
its  recovery fromthe steady-qin  condition.  Hence,  tha  parachute 
whether it is attached  to  the  tall o r  W F n g  tip  would  need  to  supply  this 
specific  amount of anti-apin  yawing  moment  for  recovery. A study  of 
table 11 indicated  that,  in  general,  the  anti-apin  yawing+mment  coef- 
ficients  for  the  tail  and  wlng-tip  parachutes  which  gave  satisfactory 
recoveries were approximately  the same for any  one  airplane. This  fact 
lends  support  to  the assmgtion that  at  least  for  the range of  mass 
distribution  of  the models considered  herein  (see  table I) the yawing 
moment  of  the  parachute  is  important  for  recovery  inasmtlch as the over- 
all action  on  the  spin of the  tail  parachute  and  of  the  wing--tip para- 
chute  is  quite  different.  It  can be seen,  based on this line of  reasoning, 
that  for any one  airplane for a satisfactory  recovery  from  the  spin t h e  
diameter  wing-tip  parachute  required will be smaller than  the  diameter 

tail  parachute  required in the  ratio 

that  2t is equal  to ZY (= b/2) which is app$oximately  true fo r  most 

of  the  airplanes  considered herein and also let (5) = 0.80 
\"R/W 

then  the  ratio 
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tipparkhute diameter  to  the  mini-ize  tail-parachute  diameter  based 
upon  the  assumptions  and on the  formulae  derived  herein. The results of 
the  parachute  tests  presented  in  figure 5 indicate  that, in general,  the 
minimm+size wing-tip  parachute is approximately one4mI.f of the mini- 
size  tail  parachute  which  is in agreement  with  the  calculated  ratio. 

- .. 

The applicability  of  the  method  presented herein to  airplanes  whose . .  

mass loadings  do  not fall within-the range of ~ & B B  loadings of the  air- 
planes  considered  in..the  analysis may yield  inaccurate  estimations  of 
the  minirmm+aize  spfn-recovery  parachutes for-these airplm-ee.  Although. . 
there  is  little  experimental  data  to  verify  this  statement,  it may be 
explained on the  basis  of  an a s m d  similarity  between  the  effect  of 
control  manipulation  and  parachute  action  on  the  spin  of an airplane. 
Reference 7 indicates  that, for  airplanes  heavily  loaded  along  the 
wings,  eetting  ailerons  against  the  spin  and  revereing  the  elevator f r o m  
up  to  down will cause a rapid  recovery;  whereas if the  airplane l e  
heavily  loaded along the fuselage, setting  ailerons  with  the  spin and 
reversing  the  rudder f rom with  to  againat  the  spin  will  be  the  optimum 
control  manipulation. The parachute  attached  to  the  outer  wing  tip  Till 
in  its  action  after fully bloomed  cause a pro-spin  rolling  moment  and an 
anti-spin yawing  moment  to  act  about the body axes of  the  airplane.  It 
simulates  the  situation in which  the  ailerons  are  set  with  the  spin  and 
the rudder is reversedfor effective  recovery. The wing-tip  parachute, 
therefore,  should  be  highly  effective  when the airplane  is  heavily  loaded 
along the  fuselage  and  should lose its  effectiveness  (increase  of 
diameter)  when  the  airplane  is  heavily  loaded along the wings, because 
f o r  this  latter  loading an anti-epin ro l l i ng  moment  (ailerons  against  the 
spin)  and a nosdown pitching  moment  (downward  movement  of  elevator) 
conducive for a fast  recovery  can be obtained more fully by  the  use of 
a tail  parachute than a parachute  attached to the  outer wing tip. 
Additional  research  is  needed  before any quantitative  evaluation of the 
effect of maas distribution  on  the minimm+ebze spin-recovery  parachute 
can  be  determined. 

_I 

. " 

. .  

t 

. ." 

The parachutes  considered in this  paper are  of  the  conventional 
flat-type  deslgn  which have been found t o  be  inherently  unstable f o r  
the range of  porosities  of +e fabrics  generally used in the manufacture 
of  this  type  of  parachute.  Recently  tests  have  been  conducted in the 
Langley 20-foot  free-spinning t u n n e l  with five airplane model!  to 
determine  the,spin-recmery  effectlveness  of.high-poroaity  etable p a -  
chutes  that are  hemispherical in shape when fully bloomed. The results 
of these  tests and a comparison  of  these  results  with the results  of 
correupanding  teste using the 8 m e  models but with the  flat-type  para- - 

chute as a spin-recovery  device  are  pressnted In reference 8. It ie 
indicated in the  reference  paper  that, in genera,  the  hemiepherical- 
type  paxachute  gave  epin recweries eqwly as  good a.6 flahtype para- 
chutes  whan  the  projected  dlameter.of  the hemispherical parachute  was 
about  two-thirds  the  laid+ut-flat diameter af the flat-type  parachute. - .. 
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On thls  basis  if a hemispherical-type  parachute  is  used  as a spin-recovery 
device,  the minimum projected  diameter  of  the  hemispherical  parachute 
required dl1 be equal  to  two-thirds  the  minimum  diameter  of the flat- 
t ype  parachute  obtained  by  the  method  presented  herein. 

Tailless  Aircraft 

The  formulas  given  previously  for  estimation of the minirnm+8ize 
spin-recovery pmachute f o r  the  conventional-type  airplane  cannot be 
directly  applied  to  tailless  designs  Inasmuch as the  present  method  of 
calculating TDR does  not  apely  to  this type of.airplane.  For tailless 
designs a value of (&) = 0.02 ie coneidered  satisfactory  from a 
study of the  data an5 discussions of references 5 and 6 m d  unpublished 
results  of a similar nature. The equation  for  estimation of the m i n i m  
parachute diameter for  t&illess  aircraft is then 

P 

The moment a z m  ZY ie used in this  squation  since  it  is assumed 
that  the  point  of  attachment of t h e  parachute  is on the  lateral  axis of 
the  airplane  that  extqtds  through  the  center of gravity. An analysis  of 
free-spinning-test  results  for  four  tailles+aircraft  models  indicates 
that an average value bf 1.2 gave a satisfactory  representation of the 

quantity  Making  this  substitution,  equation (3) becomes 

If Zy i e  assumed equal to ..(;), 

Table IV pressnts a comparison  of calculated  diameters  using  equation ( 5 )  
and  experimentally  determined  diameters  for  two  tailless m Z e G  tested-in 
the Langley 2Sfoot f'ree-apinning tunnel. ' Although  the data are meager, 
the'correlation f o r  the models presented is considered  satisfactory. 
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Eatdtion of Smck Load  Developed  by  the 

Opening of the Spin-Aecovery  Parachute 

The shock load  can be defined as t h e  eteady-dxte load acttag on 
the.parachute  times a shock-load  factor. The steady-state load is 
merely the  load  that  would  be  acting on the  parachute  after  it is fully 
opened in an air  stream  having a velocity  which is equal to  the  reeultant 
velocity  at  the  parachute when it is attached to the  spinning  airplane. 
The shock-load  factor  is a coefficient  which  gives  the  ratio of the 
maximum load  developed  by  the  parachute  during its rapid opening  proceljrs 
(shock load) to the  steady-state  load.  Reference 3 indicates f r o m  a 
series of wind-tunnel  tests  with.full-acale  spin-recovery  parachutes  that 
the  shock-load  factor may be a8 lmge as 2.3. The shock load can  then 
be determined from t h e  equatim 

Shock load = 2.3 (CD) (bV 2)(S)p 
P 2 R  

In the dynamic-pressure term of equation ( 3 )  the  velocity VR may be 
assumed to  be  closely  approximated by V, the-rate of descent of t h e  
airplane. From a study of t h e  geometry of the  spin for  zero  sideslip  at 

the  center of gravity it  can be shown that V = is. this  relation- 

ship  the  value of' C, - the drag coefficient of the  airplane - can  be 
a6eumed  approximately equal  to 0.6 when  the TpR of the airplane ie 
greater than 0.02 and % equal  to 1.0 when t h e  TLIR value is  less than 
0.02. These values have been derived from a-study of the  results of 
teats of over 50 free-apinning-model  airplanes.  With  proper  substitution 
equation (6) now  become8 

~ 

Shock  load = 

where % is to be determined 

r 7 

by the  method  previously given. 

1. A method  has been developed  for the estimation of the  diameter 
of the  tail or wing-tip  spi.n-rec0very  parachute  required f o r  a Sturn 
recovery from the noz?nt?,l-cantrol spin by paxachute  action  alone. A 
correlation of the  calculated  parachute  diameters  with the parachute 
diameters determined from free-spinning-model  tests  and f rom W- 
scale spin t e s t s  of  five  conventional-type  airplanes  indicates  that 
the  method aeveloped herein w i l l  enable  fairly  eatiefactory  estimation13 

. . " 

c 

" 
" 
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t o  be mde of the minimn+dl&ter tail or wing-tip spin”recovery para- 
chute for airplanes  which  fall  within  the  limits of the mass and 
dimensional  parameter range considered. 

2. A method is also presented  which will enable the  approximate 
estimation of the magnitude of.the shock  load  associated  with  the  rapid 
opening of the parachute. 

Langley Aeronautical Laboratory 
National  Advisory  Comnlttee for Aeronautics 

Langley Field, Va. 
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DEVELOPMEZIT OF EQUATIONS (1) ANI) (2) 

Equations (1) and (2) enable the computatiane of t he  gawing-moment 
coefficient  developed by the tail or  wing-tip parachute in effecting ths 
recovery from the  spin of a free-spinning  model. The  equations are 
developed as follows: . .  " 

" 

Tail parachutes.- 3 3  accordance  with  the asesxtione presented in 
the  text,  the drag of the parachute celinear with  the  towline.  direction 

"" - - " 

is equal  to 

The  component of thie drag force (Dk in  the  direction of the Y-body 
axis is 

where @)T is  the  cosine .of the angle between t h e  restiLbQt 

velocity (vR), and the  component of resultant  velocity along the Y-body 

ax3 s (Vy)T. The yawing mtnent due to the  parachute about the Z-body  axis 

of ths airplane  is then 
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where  2t  is  the  distance along the X4ody axis f rom the  point of 
attachment of the  parachute  towline  to  the  center of gravity of the model. 
Substituting  equation (A2) in equation (A3) we obtain 

an& nondimensionally (N)p has  the f o r m  

which is  the form of equation (1). 

Wing-tip -_-. pachutes.- The determination of equation (2) which  gives 
the  n&dimensional  yawing+noment  coefficient  developed  by  the  parachute 
attached  to  the  outer  wing  tip  i,s  similar in form to  the  determination 
of the  equation fo r  tail parachutes;  that  is,  the  yawing  moment  due  to 
the  wing-tip  parachute  about the zrbody axis  is  given by 

where (G)w is  the cosbe of the  angle between the  resultant  velocity 
at  the  wing  tip (VR) and the  componen't of this  resultant  velocity 

along the X 4 o Q  axis (Vx), and (ZY) is  the  distance along the wing 
lateral  axis  between  the plane of symmetry  and  point of attachment of 
parachute  towline.  mondimensionally N is  given by 

W 

.- - - 

which is the form of equation (2). 
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TABLE III.- A COMPARISON FOR EACH OF FIVE CONVENTIofsAL-TYFE AIRPLANES OF 

THE T U  PARACEUIZ DIAMETER USED TO (IBTAIN A SATISFACTORY RECOVERY 

Airplane 

A 

B 

C 

D 

E 

Parachute  diameter in feet 
in  feet  estimated f r o m  method used  to  obtain  a satisfactory 
Minimum  parachute diameter 

presented herein recovery from full-scale Spin 

6 7.5 

8 10.0 

6 (too -1) 7 

8 8 

7 7 

'\!!*y 



.. . . . . . . . . . 

Model 

22 

23 

control. settings 

Both  elevona deflected up 2Lo 
and both e leva .  balance8 
deflected down 42O. Ihrdder 
v e r t i c a l  spread in inches 
11.5 up, 11.5 a m .  

I 

T 6.02. 

i 
I 5-0  

6.5 

1 
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.II 
P r o J e c t i o n  of a i r p l a n e   n o r m a l   t o  
h o r i z o n t a l  axis i n d i c a t e d  by l i n e  a-a 

i z o n t a l   p l a n e  

Body A x e s  System 

X l o n g i t u d i n a l   f o r c e  
Y lateral f o r c e  
2 ver t ica l  f o r c e  
L r o l l i n g  moment 
M p i t c h i n g  moment 
N yawing moment 

No te : -   Pos i t i ve  values of  
L and N i n d i c a t e   p r o - s p i n  
r o l l i n g  and  yawing moments 
r e  spec t i v e l y  

I 

d i r e c t i o n  

Radius of spin - 
\ T 

F’igure 1. - Sketch of an airplane in a steady spin. Arrows indicate positive 
direction of forces and moments along and about the body axes of the 
airplane. I’ 
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oentroid 
of area 

(a) Full length rudder. 

oentr oid - of" of area 
airplane 1 

Re lafivo w i n d  

Figure 2. - Method of computing tail-damping ratio, TDR. 
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Figure 3.- Typical wing-tip-parachute installation. 
w PJ 

. .. . . .  
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Figure 4. - Parachute-pack installation used in model tests. - 
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I 2 a E d - I  

Model as  tested 

I 
Model 1 

To cp ~~ 

4 Towline  length,  reet 

4 LET6 :, 0 0 21.0 34.6 

A :: 

2 z !t 1 

I \ 

I \ 

I \ 

\ 
\ 
\ 

\ 
1 \ \ tail parachute 
\6 wing-t ip paraohut e 

I I I I I I 1 I I I I 
2 4 6 d 10 I 2  

Full-scale diameter, feet 

Model as tested 

4 -  

I:- 
z3 

- e 
P 

._ 

-2 - 
91 
E: 
2 -  
1 -  

t 

Model 2 

Towline  length,  reet 
021.7 
EilO.0 

tail parachute 

wing- t ip 

I I I 1 I I 1 I I I I 
4 6 g Y) 

Full-scale  d$ameter,feet 
12 1Q 

Figure 5.- Three-view drawings of models  considered ig investigation  together 
with the results of free-spinning model parachute tests giving the variation 
of parachute  diameter with turns for  recovery by parachute  action  alone  for 
each model. Controls kept with the spin (ailerons  neutral,  elevator full up, 
rudder f u l l  with the spin) unless otherwise indicated, - 
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Moael 3 1 

Xodel as tes ted  

Towline  length, f e e t  
0 31.3 

31.3 

I 

than 
3-1/2 

I v - taif paraohute 

\ 
wing- t ip 
parachute 

\ 
b 

4 6 g 10 12 
Full-scale  diameter,  feet 

Model 

m 

6 

Model as tes ted  

4 

Towline length ,   feet  
o 21.7 

20.0 

ta i l  paraahute 
o f  cl 

I I I I 1 I 1 I 

8 IO 12 
Full-scale  diameter,  feet 
. . . . . . . ." . . . ". . " 

Figme 5.- Continued. - 

. 
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Model 5 
ekv. hbge 

h 

2 P 3  4l Towline  length,  feet 

0 43.3 
m 17.0 

More  than 3 L 

Model 5 
7- - 

4 -  Towline  length,  reet 

- 0 43.3 
h m 17.0 
2 -  
!53 

More  than 3 
0 a -  
k 
k 

tail  paraohute 

$ 2 -  

1 

- 

Model a8  tested 
I 1 I I I I I I I 
4 6 8 10 12 

Full-aoale  diameter,  feet 

\ 

tail  parachute 
\ 

Full-scale  &lameter,  feet 
Model as tested I 

Figure 5.- Contlnued. - 
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Model '7 

I 

Model  a0  teated 

4 -  Towline  length,  feet 
0 27.0 

- More El 1. 
?a 

t 
g 3 -  

than 3 

,.. 0 Q) \ 
k 
& 

tall  parauhut e 

_ _  - ._ 

6 8 10 12 14 
Full-eoale  diameter,  feet 

Model d 
. - . . . -. . 

Towline length, feet 

8 10 12 14 16 
Model ae teated Full-eoale diameter, feet 

. 

Figure 5.- Cantimeed. - . 
I 
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Model 9 

Model as tested 

Towline l e n g t h ,   f e e t  
0 18.0 
0 5.0 

I: 
g 3 -  

E -  
0 
O 

2- + 
; - 
w S 

1- 

t 

Wore 
than 3 

t 
\ 

\,( tail  paraahute 

\ 

I 1 I I I I I I I 1 I 

4 6 d 10 12 
Full-aaale  biameter, f e e t  

_. 
Model 10 

Towline l ength ,   feet  
0 25.0 

0 
0 

4 

k 
I I I I I I 

6 8 10 
I 

paraahut e 

- 
12 14 

Model as tested . F’u11-ecale diameter, f e e t  

L 

Figure 5. - Continued. 
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Model a a  tested 

f \ 'T ohute 

wing-t lp  
paraahu t e 

I I I I I I I I I I I 
4 6 8 .  10 12 14 

Full-sode diameter, reet  

Model as t e a t e d  

Model 12 

IC 
E 3  
0 
0 
9) 
k 

5 2  

Paraohuto Towline 
length, f e e s  

40 
30 

t a i l  paraohute "E\o 

6 . - 8  10 12 14 
Full-male diameter, f e e t  

P Figure 5,- Continued. - 
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Model 13 

Model as tested  Full-ecale  diameter,  feet 

Model ae tested 

Towline length,   feet  
0 25.0 

12.5 

1111.1111111 
2 4 6 8 10 

Full-soale diameter,  feet 

Figure 5. - Continued. - 
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. .  

Model 15 

T 

Model aa t e a t e d  
10 12 14 16 18 

Full-male diameter, feet 

w 

Model a a  t e a t e d  

Model 16 

Towline length,  reet 
I '  

More 
than 2-1/2 

1 I I I I I I I 
6 

I I I 

a 10 12 14 16 
I 

Full-eoale  %lameter, feet  

Mmre 5.- Continued. 
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Model ae tested 

Moael 17 

Towline  length, f e e t  More 
0 21.0 
I3 7.0 t 

\ 

4 
than 4 

More 
than 2 

! 
\ tail 
\ 

\ 
\ 
\ 
\ 

paraohut e 

paraohute 

1 I I I I I r I I I 
4 6 8 10 12 

I 

Full-male biameter, m e t  

%Model 18 
-I- 

4 -  
Towline length, f e e t  - 

.k  

g 

.e 2- 

2 4 2  

0 36.0 
g 

k 
k -  

than 0 

3 -  Hore iz! 15.0 

t than 2 
\ Here 

\ 

1- tail  paraohute , 
- b 

I I I I I I I I I I 

6 10 14 18 22 
Moael aa teated  Full-eoale diameter, r e e t  

Figure 5.- Continued. 
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Towline length,   feet  
0 35.0 

\ 
\ 

e 

\ wing-t l p  
\ 

Model as tested 

~ 

Model 20 - 1 nor0 
4 -  , than 

I &1/2 - Towline length,  reet I 
I E 0 30.0 

0 a 10.0 1 

~ "ore \ 
\ than 

-2-1/4 \ 
k 

L 1 \ 
E-c 

\ 
\ tall  paraohute 

1 -  \ 
\ 

wing-tip  pareohute. - 
L I  I I I I I 1 I I I 

6 d 10 12 14 16 
&ll-eoale diameter, f e e t  

' Figure 5 - Continued. - 
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Mac 

4 

k 3  
A 

0 
P 

E 

Model as t e s t e d  

'1 21 

Towline l ength ,   f ee t  

7 . 0  

I 1 1 I I I I I I 
4 6 10 

Full-soale  diameter,   feet 

Model 22 I 

Model as t e s t   e a  t 
J I I I I I I I I I 

Full-soale  diameter,   feet 
4 6 g 10 

Figure 5.- Continued. 
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Model as t e s t e d  

Model 23 

Towline length, f e e t  

15.0 

wing-t lp paraahuts 

vy 
4 6 €4 10 1 2  

Full-soale d:ameter, f e e t  

Figure 5.- Concluded. 
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(b) Construction details of the ' 
model parachute. Sketch is of 
the parachute spread out on a 
flat suriace. 

Figure 6.- Model of a typical full-scale 10-panel, flat-type parachute. - W 
u3 
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Figure 7.- The variation of parachute yawing-moment  coefficient (C& required for satisfactory recovery 
from the spin by parachute action alone with the tail-damping ratio TDR of the airglane. v 

.... . . .  . .. .. . 
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Figure 8. - Comparison of calculated minimum parachute diameter with the 
minimum parachute diameter determined from free-spinning model tests 
for 18 conventional type airplane models. - 


